abstract PURPOSE Tamoxifen administered for 5 years at 20 mg/d is effective in breast cancer treatment and prevention, but toxicity has limited its broad use. Biomarker trials showed that 5 mg/d is not inferior to 20 mg/d in decreasing breast cancer proliferation. We hypothesized that a lower dose given for a shorter period could be as effective in preventing recurrence from breast intraepithelial neoplasia but have a lower toxicity than the standard dose.
INTRODUCTION
Breast intraepithelial neoplasia, including atypical ductal hyperplasia (ADH), lobular carcinoma in situ (LCIS), and ductal carcinoma in situ (DCIS), has a five to 10 times higher risk of developing into invasive breast cancer compared with the general population and accounts for 15% to 25% of breast neoplasms on the basis of screening mammography. 1 The natural history of breast intraepithelial neoplasia is heterogeneous. Some forms remain indolent, whereas other forms can progress to life-threatening invasive disease, which has led to controversial issues with regard to its optimal approach. 1, 2 Tamoxifen, a selective estrogen receptor (ER) modulator and a precursor of molecular targeted medicines, is effective in the adjuvant treatment of hormone receptor-positive breast cancer 3 and for the prevention of breast cancer in at-risk women on the basis of the Gail model, including those with ADH and LCIS whose risk of subsequent invasive cancer is 10 and 13 per 1,000 per year, respectively. 4 However, the toxicity of tamoxifen, including venous thromboembolic events and endometrial cancer, is a significant problem and may explain the low uptake of tamoxifen as preventive therapy. 5 The increase of menopausal symptoms during tamoxifen therapy, including vasomotor symptoms and sexual and gynecologic disturbances, is also a cause of decreased quality of life and treatment withdrawal. 6, 7 The lack of a demonstrated breast cancer mortality benefit for tamoxifen given for primary prevention or after DCIS combined with adverse effects suggests a need for an alternative strategy, such as dose de-escalation. We conducted studies to determine the minimum effective dose of tamoxifen, which was not initially assessed. 8, 9 Biomarker trials revealed that 5 mg/d was noninferior to 20 mg/d in inhibiting proliferation of breast cancer 10 and normal endometrial tissue. 11 A prospective cohort study also showed that 10 mg on alternate days halves recurrence of DCIS in postmenopausal women. 12 In the present phase III trial, we assessed whether tamoxifen administered for 3 years at 5 mg/d is effective at reducing DCIS, invasive recurrence, or contralateral breast cancer from breast intraepithelial neoplasia without significant toxicity in terms of serious adverse events and patient-reported outcomes.
PATIENTS AND METHODS

Participants and Procedure
We conducted a multicenter phase III trial of tamoxifen 5 mg/d versus placebo administered for 3 years in women 75 years of age or younger with an Eastern Cooperative Oncology Group performance status of 1 or less and operated hormone-sensitive (ER or progesterone receptor $ 1%) or unknown breast intraepithelial neoplasia (ADH, DCIS, or LCIS). Women with high-grade or comedo/necrotic DCIS received adjuvant radiotherapy of 50 Gy in 25 courses. Women were visited every 6 months and had a mammography and transvaginal ultrasound annually for 3 years of treatment and 2 years of follow-up. The study (Tam01) was approved by the ethics committee of the sponsor (Galliera Hospital, Genoa, Italy) and participating sites, and all women signed a written informed consent. Main exclusion criteria were any prior cancer, any tamoxifen contraindications, mental disorders, pregnancy, grade 2 or higher biochemical alterations according to the National Cancer Institute Common Terminology Criteria for Adverse Events (version 4), prior use of anti-estrogens, current use of dicumarols, and CYP2D6 inhibitors such as selective serotonin reuptake inhibitors.
Treatment
Tamoxifen 5 mg or identical placebo tablets were provided by Doppel Farmaceutici (Cortemaggiore, PC, Italy) under good manufacturing practice in bottles containing 210 tablets. Randomization and treatment started after surgery, whereas radiotherapy could be concomitant or before tamoxifen treatment for patients accrued 12 to 60 months after surgery. A review of baseline histologic reports was performed at the coordinating center to check eligibility, but measurements of immunohistochemistry were not centrally repeated. All breast events that occurred during the trial were centrally adjudicated by a clinical committee. Treatment compliance was assessed by pill count. Adherence was defined at each study visit as the use of at least 85% of pills during the 6-month study period.
Study End Points
The primary end point was the incidence of invasive breast cancer or DCIS. Secondary end points were incidence of ADH or LCIS, endometrial cancer, other second primary cancers, deep venous thromboembolic events, coronary heart disease, bone fractures, cataract, and menopausal symptoms. Correlative studies of biomarkers included mammographic density, circulating insulin-like growth factor (IGF) 1 and IGF binding proteins, IGF binding protein 3, sex hormone binding globulin, C-reactive protein, CYP2D6 single nucleotide polymorphisms, tamoxifen, and metabolite blood levels.
Toxicity was assessed by the Common Terminology Criteria for Adverse Events (version 4). Because menopausal symptoms are a major cause of decreased quality of life and treatment dropout from tamoxifen trials, 6, 7 patient-reported symptoms associated with both menopause and the known adverse effects of tamoxifen were recorded. Hot flashes were evaluated according to Sloan et al, 13 where the daily frequency and scores were computed for each patient by combining both severity (mild, moderate, severe, and very severe) and frequency from daily diaries and averaging across the last study week before each semiannual visit. The Breast Cancer Prevention Trial Symptom Scale 14 calculates scores on each subscale by averaging a number of items during the last 4 weeks before each semiannual visit, including vasomotor symptoms, sexual and vaginal problems, and musculoskeletal pain/arthralgia.
Randomization
Patients were randomly assigned (1:1) to one of the two treatment arms in a masked fashion by a Web-based system using the minimization algorithm. Random sequences were generated by one of the authors (L.B.) according to the Moses-Oakford algorithm. Only the system administrator had access to the allocation sequences. Stratification criteria were center, time from diagnosis to randomization (within 12 v 12 to 60 months), and histotype (ADH + DCIS v LCIS).
Statistical Analyses
The study was initially powered to detect a 50% reduction in the incidence of invasive breast cancer or DCIS by assuming an annual rate of events of 20 per 1,000 personyears with placebo, 4,15,16 5 years of recruitment, 2 years of follow-up, and a 10% dropout rate. With 80% power and a 5% one-sided significance, 1,400 participants were necessary to observe 55 events. Initial statistical assumptions were revised by the independent data monitoring committee according to the lower-than-expected accrual, mainly because of financial constraints, and the higher risk in the placebo arm. On June 28, 2018, the committee recommended the disclosure of results because 80% of the originally expected events were observed, all women had completed the treatment period, and there was a significant benefit and a low toxicity that could change clinical practice.
The Kaplan-Meier cumulative incidence of invasive breast cancer or DCIS (primary end point) and of contralateral breast events was estimated by adopting the reverse Kaplan-Meier technique to calculate median follow-up time. 17 Log-rank test was used to test differences between arms. Cox proportional hazards regression modeling was also performed as supportive analysis. We reported P values and hazard ratios (HRs) from nonstratified analyses because stratified log-rank P values and Cox analyses gave superimposable results. Because of the highly overdispersed and zero-inflated distribution of frequency and score of hot flashes, the analysis was performed by adopting a negative binomial regression model; a Poisson model was used for the other vasomotor symptoms (the distribution was less overdispersed), and linear modeling was adopted for the endometrial thickness. In all the regression models, the variance-covariance matrix was estimated to account for repeated measures and provided robust SEs that allowed for intrawoman correlation. Covariates were age and menopausal status. Tests for interaction between time and treatment arm were performed within all the regression models. The Kaplan-Meier method was also used to estimate treatment adherence by pill count at different follow-up times by treatment arm. Effect sizes of clinically relevant outcomes were calculated using the number needed to treat or harm and the likelihood to be of help or harm. 18 The primary analysis included all randomly assigned patients according to the intention-to-treat The intention-to-treat population included all patients who underwent random assignment (n = 253 in the tamoxifen arm; n = 247 in the placebo arm). The safety population included all patients who received at least one dose of trial agent (n = 249 in the tamoxifen arm; n = 246 in the placebo arm). Completion of the study is defined as having completed the 36-month double-blind treatment phase. ADH, atypical ductal hyperplasia; AE, adverse event; DCIS, ductal carcinoma in situ; ER, estrogen receptor; IEN, intraepithelial neoplasia; LCIS, lobular carcinoma in situ.
principle. Censoring to last follow-up visit available was applied when patient follow-up data were not complete. The safety analysis included all patients who received at least one dose of study treatment. Prespecified subgroup analyses (# 12 v 12 to 60 months from diagnosis, ADH + DCIS v LCIS, ER positive v unknown) and post hoc subgroup analyses, including ADH or LCIS v DCIS per the Gail model, 4 were performed only for exploratory purposes and according to the test for interaction approach. Because there was only one noncancer death, competing risk analysis was not performed. No multiplicity adjustment methods were adopted. Although we calculated sample size with a one-sided a-error, results are shown with 95% CIs and two-sided P values. All analyses were performed using Stata 14.2 statistical software (StataCorp, College Station, TX).
RESULTS
Between November 1, 2008, and March 31, 2015, 1,160 women were screened and 500 75 years of age or younger were included in the study. The participant flow diagram is shown in Figure 1 . The main participant and tumor characteristics were evenly distributed between arms ( Table 1 ). The mean age was 54 years (standard deviation, 9 years), and 55% of participants were postmenopausal. Twenty percent had ADH, 11% had LCIS, and the remaining 69% had DCIS. In total, 33% of participants had ER or progesterone receptor unknown neoplasms, of which 63% were among those with ADH or LCIS and 20% among those with DCIS. There were no participants with ERnegative DCIS.
After a median follow-up of 5.1 years (interquartile range, 3.9-6.3 years), there were 14 breast neoplastic events (invasive breast cancer or DCIS) in the tamoxifen arm (rate, 11.6 per 1,000 person-years) and 28 breast events in the placebo arm (rate, 23.9 per 1,000 person-years; HR, 0.48; 95% CI, 0.26 to 0.92; log-rank P = .02). Kaplan-Meier estimates of cumulative incidence rates of breast events (invasive breast cancer or DCIS) in the tamoxifen and placebo arms at 5 years were 6.4% and 11.0%, respectively, resulting in a number needed to treat of 22 (95% CI, 20 to 27). In consideration of contralateral breast cancer incidence, there were three events in the tamoxifen arm and 12 in the placebo arm (HR, 0.25; 95% CI, 0.07 to 0.88; P = .02). The cumulative incidences of the primary end point (invasive breast cancer or DCIS) and contralateral breast events are shown in Figure 2 . Table 2 lists the characteristics of the breast neoplastic events. The majority of recurrences were invasive. There was no evidence for a different biology of tumors occurring in the tamoxifen arm compared with the placebo arm. There was one recurrence in the tamoxifen arm versus two in the placebo arm (HR, 0.50; 95% CI, 0.05 to 5.47) in participants with prior ADH, two versus six in those with prior LCIS (HR, 0.31; 95% CI, 0.06 to 1.51), and 11 versus 20 (HR, 0.53; 95% CI, 0.25 to 1.11) in those with DCIS (P for interaction = .8). There was no significant heterogeneity in prespecified subgroups (Appendix Table A1 , online only). The risk of invasive or DCIS recurrence in ADH, DCIS, and LCIS strata adjusting for tamoxifen effect is shown in Appendix Figure A1 (online only).
There were 12 serious adverse events in the tamoxifen arm and 16 in the placebo arm, including one deep vein thrombosis, one stage I endometrial cancer in the tamoxifen arm versus one pulmonary embolism in the placebo arm (rate, 0.85 per 1,000 person-years). The 5-year number needed to harm resulting from a cumulative incidence rate of 0.87% with tamoxifen and 0.41% with placebo was 218 (95% CI, 193 to 265), and the likelihood of being helpful was 10 times higher (218 v 22) than being harmful. Second primary cancers were four in the tamoxifen arm and six in the placebo arm. Table 3 lists the serious adverse events. There were two deaths in the placebo arm, one as a result of breast cancer and one as a result of myocardial infarction, and one death was a result of breast cancer in the tamoxifen arm. Appendix Table A2 (online only) lists nonserious investigator-reported adverse events that occurred in more than 2% of participants. More hot flashes and vaginal bleeding and less headache were recorded in the tamoxifen arm, whereas there was no difference in endometrial polyps between tamoxifen and placebo (2.8% v 1.6%). The mean endometrial thickness in postmenopausal women increased significantly by approximately 1 mm while on tamoxifen (Appendix Fig A2, online only).
Overall, there was a slight increase in daily frequency of participant-reported hot flashes in the tamoxifen arm over the 3-year treatment period (P = .02; Fig 3A) . On average, the incidence rate ratio of daily number of hot flashes in the tamoxifen versus placebo arm was 1.46 (95% CI, 1.05 to 2.00). In the 3-year treatment period, a woman had a mean daily hot flash frequency of 2.1 (95% CI, 1.7 to 2.5) v 1.5 (95% CI, 1.1 to 1.8) in the tamoxifen versus placebo arms, respectively. However, the hot flashes score was not different between arms (P = .16; Fig 3B) . Likewise, participant-reported outcomes according to the Breast Cancer Prevention Trial Symptom Scale were not different between the tamoxifen and placebo arms. Specifically, there was no difference in vaginal dryness and pain during sexual intercourse (Fig 3C) or in musculoskeletal symptoms and arthralgia (Fig 3D) .
Appendix Figure A3 (online only) shows the time to first nonadherent study visit. Compliance with study therapy was defined as adherence ($ 85% of pills) for the first 2.5 years of the study; 62.8% of patients overall met criteria for study compliance (65% in the tamoxifen arm and 61% in the placebo arm).
DISCUSSION
Treatment de-escalation is a leading concept of modern medical oncology, particularly in conditions such as noninvasive neoplasia where mortality reduction has not been demonstrated. 2, 19, 20 We assessed the efficacy and safety of a lower dose of tamoxifen given for a shorter period in patients with preinvasive disorders of the breast who have a five to 10 times higher risk of invasive breast cancer. 
Kaplan-Meier estimates of (A) cumulative incidence of breast cancer events (invasive breast cancer or ductal carcinoma in situ and of (B) contralateral breast cancer events in the overall intention-to-treat population (ITT) by allocated arm. Numbers in parentheses represent the number of events that occurred within each time interval by treatment arm. The log-rank test was used to draw inferences. The estimate of the hazard ratio (HR) was based on a univariable Cox proportional hazards regression model (ie, with only the treatment arm variable). In the overall ITT population, there were 42 breast cancer events (14 in the tamoxifen arm and 28 in the placebo arm) of which there were 15 contralateral breast cancer events (three in the tamoxifen arm and 12 in the placebo arm). The 3-year cumulative incidence rate of breast cancer events was 2.3% (95% CI, 1.7% to 6.6%) in the tamoxifen arm and 7.6% (95% CI, 4.8% to 11.8%) in the placebo arm, and the 5-year cumulative incidence rate was 6.4% (95% CI, 3.7% to 10.9%) and 11.0% (95% CI, 7.4% to 16.0%), respectively. The 3-year cumulative incidence rate of contralateral breast cancer was 0.4% (95% CI, 0.1% to 3.1%) in the tamoxifen arm and 2.5% (95% CI, 5.5% to 1.1%) in the placebo arm, and the 5-year cumulative incidence rate was 1.1% (95% CI, 0.3% to 4.5%) and 4.2% (95% CI, 2.2% to 8.0%), respectively.
intraepithelial neoplasia without noticeable toxicity. Moreover, low-dose tamoxifen decreased by 75% the onset of a contralateral breast cancer, which indicates a potential primary preventive effect, and decreased invasive cancer by more than 40%, which prevents more-intensive adjuvant treatments. After a median of 5 years, serious adverse events were not significantly different from placebo. The relevance of the disease, the trial pragmatic approach that reflects standard clinical procedures, and the feasibility and inexpensiveness of the treatment make our findings generalizable and easily applicable in real-world clinical practice, including large fractions of underserved populations.
Our results are consistent with the effect of 20 mg/d tamoxifen in the National Surgical Adjuvant Breast and Bowel Project (NSABP) B-24 subgroup analysis of hormonesensitive DCIS, where the HR was 0.58 (95% CI, 0.42 to 0.81). 21 The similar antiproliferative activity of low-dose tamoxifen compared with the standard dose 10 predicted the results of the present trial, confirming the reliability of the proliferation antigen protein encoded by the MKI67 gene as a surrogate biomarker of efficacy. Indeed, the change of protein encoded by the MKI67 gene after a few weeks of hormonal treatment predicted subsequent survival in window-of-opportunity, presurgical trials of breast cancer. [22] [23] [24] Mortality was not an end point in our population at low risk for early death, where the cumulative risk of recurrence at 5 years in the placebo arm was only 11%. Nevertheless, our results indicate a 5-year number needed to treat of 22 and a likelihood of being helpful 10 times higher than being harmful, a favorable trade-off compared with the full dose. 4, 25, 26 Drug-related serious adverse events were not increased during low-dose tamoxifen therapy. Specifically, there was no increase in deep vein thrombosis and pulmonary embolism. The risk of pulmonary emboli with the full dose of tamoxifen was threefold in the NSABP P-1 trial, 5 and the odds ratio of venous thromboembolism in four prevention trials of full-dose tamoxifen was 1.60 (95% CI, 1.21 to 2.12). 27, 28 On the basis of these findings, we would expect 2.4 cases of deep vein thrombosis and pulmonary embolism with 20 mg/d in our study. In addition, we observed one stage I endometrial cancer in the tamoxifen arm, with a mean rate of 0.85 per 1,000 person-years. In the NSABP B-24 trial of DCIS, 9 the risk of endometrial cancer was tripled compared with placebo (1.53 v 0.45 per 1,000 person-years). Likewise, in the NSABP P-1 trial, 5 the rate of endometrial cancer was 2.24 per 1,000 personyears in the tamoxifen arm v 0.88 per 1,000 person-years in the placebo arm (rate ratio, 3.28), with a greater difference in women 50 years of age and older. The odds ratio of endometrial cancer with tamoxifen in the prevention trials was 2.18 (95% CI, 1.39 to 3.42). 27 We would therefore expect 2.7 cases of endometrial cancer with 20 mg/d in our study, so our data indirectly suggest that the risk of deep vein thrombosis and pulmonary embolism or endometrial cancer is approximately 2.5 times lower with 5 mg/d than with 20 mg/d. Of note, we found no increase in endometrial polyps and a small change of endometrial thickness, two markers of increased endometrial proliferation that occur with 20 mg/d. 29 Because menopausal symptoms, including vasomotor symptoms, sexual discomfort, and gynecologic problems have a profound effect on quality of life and adherence to tamoxifen, particularly in the prevention setting, 6, 7 we paid special attention to these participant-reported outcomes with the use of validated self-administered questionnaires at each visit. Our findings show that the frequency of hot flashes was 1.5-fold higher with tamoxifen compared with placebo. In addition, there was a higher proportion of physician-reported hot flashes with tamoxifen (14%) versus placebo (7%) as an adverse event. However, the hot flash score was not different between arms. The low toxicity of low-dose tamoxifen is confirmed by the same adherence in both arms compared with the full dose where adherence was 10% lower in the tamoxifen arm mostly because of menopausal symptoms. 7 In our previous tamoxifen prevention trial of 20 mg/d, the rate of newly diagnosed hot flashes was 67 per 1,000 in the placebo arm and 119 per 1,000 in the tamoxifen arm (rate ratio, 1.78; 95% CI, 1.57 to 2.00). 30 Of note, hot flashes have been associated with increased cardiovascular morbidity and mortality 31 possibly because of decreased arterial dilation, so our findings with low-dose tamoxifen are encouraging. Other domains of the Breast Cancer Prevention Trial Symptom Scale were not affected by tamoxifen at a low dose, including pain with intercourse, vaginal dryness, and musculoskeletal pain and arthralgia, with the latter being the most frequent adverse effect of aromatase inhibitors. In contrast, the full dose is associated with at least a doubling of vasomotor symptoms, sexual problems, and other participant-reported outcomes compared with placebo. 6, 7, 30, 32 Of note, tamoxifen markedly reduced the incidence of headache similarly to the full dose. 30 Study limitations include the lower-than-planned number of events, mostly as a result of the financial constraints of this academic, publicly funded trial and the early publication of results because of its practice-changing potential. However, the extended time of recruitment and follow-up and the higher-than-expected risk in the placebo arm made our study sufficiently powered to detect reliable treatment effect estimates without subgroup heterogeneity. The relatively low adherence is also a study weakness, which may have diluted treatment benefit.
The current formulation of tamoxifen on the market is 10-or 20-mg tablets, whereas the 5-mg tablet is not available. Until a new formulation is available, cutting the tablet into two or using 10 mg on alternate days may be reasonable given our prior data and the long half-life of tamoxifen. 12, 33 In conclusion, a lower dose of tamoxifen (5 mg/d) and a shorter duration of treatment (3 years) can halve the incidence of new breast neoplastic events in women with hormone-sensitive or unknown breast intraepithelial neoplasia. Drug-related toxicity, including venous thromboembolism, endometrial cancer, and menopausal symptoms, was only marginally different from placebo, which provides a new treatment option for women with these disorders. The log-rank test was used to draw inferences. The hazard ratios (HRs) for LCIS versus ADH and DCIS versus ADH were estimated from a Cox proportional hazards regression model adjusted for treatment arm; the HR of the treatment effect (data not shown), adjusted for the histologic type, was 0.48 (95% CI, 0.25 to 0.91). In the overall intention-to-treat population, there were 42 breast cancer events (three in the ADH group, 31 in the DCIS group, and eight in the LCIS group). The 5-year cumulative incidence rate of breast cancer was 3.2% (95% CI, 1.0% to 9.5%) in the ADH group, 9.0% (95% CI, 6.1% to 13.0%) in the DCIS group, and 18.0% (95% CI, 9.2% to 33.4%) in the LCIS group. The HRs compared with ADH are adjusted for treatment arm. 
